The support of variable block-sizes, though significantly improves the compression efficiency, imposes a big computational challenge on an H.264 encoder. In this paper, we present a new fast inter-mode decision algorithm based on the coded block pattern (CBP). Specifying which blocks within a macroblock are uncoded, CBP is a good indicator of block-matching accuracy and can be used to reduce the rate-distortion calculation required for mode selection. Experimental results show that the proposed method achieves more than 50% reduction in computation time relative to the exhaustive mode search with negligible degradation in visual quality. Other merits of the proposed method include 1) no extra computation is needed for obtaining CBP; 2) no ad-hoc threshold is involved in the algorithm; 3) in contrast to the previous early-skip algorithm that yields very limited improvement for highactivity videos, the proposed method is highly reliable for various video characteristics.
INTRODUCTION
H.264 is the newest video-coding standard jointly developed by ITU and ISO [1] . H.264 provides good video quality at substantially lower bit rates than previous coding standards. One distinguished feature of H.264 is to provide adaptive mode decision with flexible block sizes for motion estimation (ME). There are seven possible ME blocks in H.264, as shown in Fig. 1 . A larger block of sizes 16 16, 16 8, or 8 16 (called the macroblock types or MB types in this paper) can be chosen in slow-moving or homogeneous regions, to reduce the required computation and overhead information. On the other hand, a smaller block of sizes 8 8, 8 4, 4 8 , or 4 4 (P8 8 types) is preferred in detailed or high-motion regions to increase the matching accuracy.
Although the adaptive mode decision effectively increases the compression efficiency, exhaustive search for the best mode demands high computation. Several methods based on spatial homogeneity have been proposed to reduce the required complexity. Lee and Jeon [2] proposed an early-skip decision for an uncoded macroblock to omit all the remaining rate-distortion calculation. They also proposed a selective-intra condition to avoid comprehensive evaluation of the intra modes. Their algorithm has been implemented in the H.264 reference software [3] . However, limited improvement is achieved for high-activity videos. Values or distribution of quantized DCT coefficients are employed in [4] - [6] as an indicator of the homogeneity of coding blocks. The algorithm in [7] determines if a macroblock is homogenous by its edge map using the Sobel operator. A non-homogeneous block is split into smaller blocks until it reaches 4 4. In this paper, we present a new fast inter-mode decision algorithm based on the coded block pattern (CBP). The CBP is a compact representation of zero blocks and can be regarded as the accuracy of motion estimation. More zero blocks within a macroblock imply a better chance of MB types. Note that a predicted CBP value is inherently calculated for each macroblock of size 16 16 before estimating the rate-distortion cost. In addition, no ad-hoc threshold is involved in the algorithm. Experimental results show that the proposed CBP-based fast algorithm assumes very high accuracy and provides consistently good performance for videos of various characteristics. The proposed method achieves twice reduction in ME time as compared to the Lee and Jeon's early-skip algorithm [2] with unnoticeable degradation in visual quality.
The rest of this paper is organized as follows. In Section 2, the H.264 inter-mode selection and coded block pattern are introduced. The proposed algorithm is presented and analyzed in Section 3. The simulation results are given in Section 4, followed by some concluding remarks. is the number of bits associated with the chosen mode, including the bits for the macroblock header, the motion vectors, and the quantized transform coefficients. SSD, R(s, c, MODE), and MODE are notably implicit functions of the quantization parameter QP, which is a variable used for scaling transform coefficient levels [1] . In particular, the Lagrange multiplier MODE can be calculated for P frames as [8] 
H.264 INTER-MODE SELECTION

MODE
In order to find the best mode for a macroblock, the RDcost should be evaluated for all the 259 combinations of block partitions and the one with the minimal cost is chosen as the final decision. This exhaustive search involves huge computation. One key technique of fast inter-mode algorithms is to determine the SKIP or MB types at early stages without full RDcost evaluations. The P8 8 types should be avoided unless necessary for its high computational cost.
H.264 Coded Block Patterns (CBPs)
The CBP is a syntax element in the H.264 macroblock layer, which specifies which of the six 8 8 blocks may contain non-zero transform coefficient levels [1] . A CBP is composed of six bits b 5 The following examples illustrate the use of CBPs: 1) CBP = 0 (000000). All the luma and chroma blocks are uncoded. 2) CBP = 8 (001000). Only luma block 3 has nonzero coefficients. 3) CBP = 16 (010000). The luma blocks are uncoded.
The DC coefficients of chroma blocks require residual coding. 4) CBP = 47 (101111). All the luma and chroma blocks will be coded. CBP is a good indicator of the temporal and spatial homogeneity of a macroblock, which can be used for fast inter-mode selection.
PROPOSED METHOD
CBPMD (Coded Block Pattern Mode Decision)
The evaluation of (1) for a 16 16 macroblock will generate the predicted CBP values, which can be used for fast inter-mode selection. We divide all possible CBP values into four categories associated with three possible inter-mode selections: MB types and SKIP, P8 8 types, and all mode check: 1) CBP = 0, 16, or 32
In this case, all the four luma blocks are zeros, which implies that ME is very accurate. Therefore, it is very likely that SKIP or MB types will be the best mode. 2) CBP = 1, 2, 4, or 8 In this case, only one of the four luma blocks requires coding. The probability of choosing MB types is still high.
3) CBP = 15, 31, or 47
In this case, all the four luma blocks are nonzeros. MB types are unlikely to give satisfactory results. P8 8 types will be needed for a better match.
4) Other CBP values
It is difficult to determine the preferable mode from these CBP values. All modes should be checked for acceptable performance. To justify the above heuristics, we find the distribution of best modes corresponding to various CBP values. The results for foreman (QCIF) with QP = 28 is given in Table I , which substantiates our conjecture. We thus propose a fast inter-mode selection algorithm, CBPMD (Coded Block Pattern Mode Decision), as shown in the middle of Fig. 3 . The RDcost of a macroblock is first calculated and the predicted CBP value is obtained. For CBP {0, 16, 32, 1, 2, 4, 8}, only SKIP mode and MB types are checked. Omission of the elaborate P8 8 type for these highly probable CBP values can effectively boost the speed. On the contrary, P8 8 types will be picked for CBP {15, 31, 47}. All modes will be checked for CBP of the other values. 
Enhanced Version: CBPMD_LJ
Lee and Jeon's Early-SKIP algorithm [2] aborts the RDcost evaluation for zero macroblocks (CBP = 0) with motion vector equal to the PMV (predicted motion vector) in the previous frame. They also propose the Selective-Intra condition that calculates the average boundary error (ABE) between the current macroblock and its adjacent macroblocks. When ABE is larger than the average rate (AR), INTRA-modes will be neglected. Their algorithm was found effective and was included in H.264 reference software [3] . We have thus seamlessly incorporated their algorithm with the proposed CBPMD method. The combined algorithm, called CBPMD_LJ, is shown in Fig. 3 . We then verify the precision of three branching conditions in CBPMD_LJ, a) Early-SKIP, b) Check-MB, and c) Check-P8 8, averaged over QP = 28, 32, 36, 40. The results in Table II confirm the high accuracy of Early-SKIP and Check-MB. The resolution of test sequences used in this paper is also given in Table II 
EXPERIMENTAL RESULTS
The proposed algorithm is incorporated into H. All the experiments are conducted on a PC with Intel Pentium-IV 2.80 GHz CPU and 1 GB RAM. Note that using CBP incurs no extra computation time because CBP is inherently calculated for each macroblock before full RDcost evaluation.
The CBPMD and CBPMD_LJ algorithms are compared with Lee and Jeon's algorithm [2] relative to the optimal mode selection. The rate-distortion and speed performance results, averaged over QP varying in the set {28, 32, 36, 40}, are shown in Tables III and IV . It is observed from Table III that the incurred loss of CBPMD_LJ is almost unnoticeable with average BDPSNR and BDBR equal to 0.035dB and 0.79%, respectively. The CBPMD algorithm alone surpasses the Early-SKIP algorithm by almost twice reduction in ME (motion estimation) time (43% to 23%). This margin is especially significant for videos with fast-moving or complex scenes, where tiny improvement is achieved with Early-SKIP. The combined algorithm CBPMD_LJ achieves an average 51% reduction in time and CBPMD_LJ is reliable that the minimal reduction in time reaches 32%. A comparison on the BDPSNR and total encoding time (including intra-mode selection) with refs. [2] and [7] is given in Table V . It is observed that the proposed CBPMD_LJ method achieves significantly faster mode decision with very little degradation in BDPSNR.
The above experiments were conducted with moderateto-large QP values for low-to-median bit-rate applications. For a lower QP (e.g., QP = 12) that corresponds to a smaller quantization step size, fewer zero coefficients will be produced and the probability of the SKIP mode and MB types would decrease. Other acceleration mechanism than the CBP-based algorithms, e.g. using the RDcost as the secondary branching criterion, is currently under development for small QP values. 
CONCLUSION
A new fast inter-mode decision algorithm based on the coded block pattern is presented in this paper. Special CBP values are used for selection of MB types and P8 8 types.
No extra computation and ad-hoc threshold are involved in the proposed method. The precision of the CBP-based branching conditions is high. Experimental results show that the proposed method is superior to some existing fast mode-decision algorithms in speed with negligible degradation in visual quality. 
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